I. INTRODUCTION
A mechanism driven by a DFIG is today the most widely used due to the advantageous merits of cost, reliability and performances. In this machine, the rotor side converter (RSC) is only sized for 30% of rated power compared to other generators used in variable speed wind turbine systems (WTSs). Consequently, the cost of the converter becomes less. Some control techniques such as vector control (VC) [1] [2] [3] , direct torque control (DTC) [4] [5] [6] , direct power control (DPC) [7] [8] [9] , intelligent control (IC) [10, 11] , robust control (RC) [12, 13] , backstepping control (BC) [14] , have been developed to control the active and reactive power of the DFIG-based WTSs.
In literature [15] , VC control is the most popular strategy used in the DFIG based wind energy conversion system. However, this control scheme is a simple control and easy to implement. In the VC control scheme, the decoupling between d-axis and q-axis current is achieved with feedforward compensation, and thus the DFIG model becomes less difficult and proportional-integral (PI) controllers can be used [4] . On the other hand, the conventional VC control with pulse width modulation (PWM) gives more total harmonic distortion (THD) and powers ripples of DFIG-based WTSs. In order to overcome the drawbacks of the VC control using PWM inverter, neural space vector modulation (NSVM) has been presented [16] . In [17] , the authors proposed the use of a direct vector control (DVC) control with three-level NSVM to control stator reactive and active power of DFIG. In [18] , the author present a comparative study between pulse width modulation (PWM) and two-level NSVM technique in neuro-sliding mode control (NSMC) of stator reactive and stator active power control of the DFIG.
In this paper, we apply the indirect vector control on the doubly fed induction generator based wind energy conversion systems using four-level neural space vector modulation (4L-NSVM) strategy compared to the threelevel neural space vector modulation (3L-NSVM) inverter.
II. THE DFIG MODEL
The traditional electrical equations of the DFIG in the Park frame are written as follows [19, 20] 
Where, P s : is the stator active power. Q s : is the stator reactive power.
The torque is expressed as:
Where, T r : is the load torque. T e : is the electromagnetic torque. Ω : is the mechanical rotor speed. J : is the inertia. f : is the viscous friction coefficient.
III. NEURAL SPACE VECTOR MODULATION INVERTER
The space vector modulation (SVM) is a kind of a modulation technique with a superior performance compared to conventional PWM strategy and the third harmonic injection pulse width modulation (THIPWM) for the inverter-control applications [21] . Benbouhenni et al. propose a new SVM strategy of the two-level inverter based on calculating maximum (max) and minimum (min) of three-phase voltages [22] . This proposed strategy is a simple modulation scheme and easy to implement. This modulation scheme based on artificial neural networks (ANN) controllers. The NSVM technique is a modification of the space vector modulation, where the hysteresis comparators, has been replaced by a neural control. Fig. 1 shows the principle of the three-level NSVM technique. On the other hand, Fig. 2 shows the block diagram of the four-level NSVM strategy. However, the NNs controller consists of several cascaded layers of neurons with sigmoid activation functions [23] . However, The ANN controller has many models. The ANN controller contains 3 layers: output layers, hidden layers, and input layers [24] . Each layer is composed of several neurons.
On the other hand, the three-level NSVM gives more and more minimum THD of stator current compared to classical SVM strategy. The structure of SVM based on the NN controller is shown in Fig. 2 . On the other hand, the artificial neural networks controllers for the model system are shown in Table 1 . The artificial neural networks model structure of the system is shown in Fig. 3 . The construction of Layer 1 and layer 2 is shown in Fig. 4 and Fig. 5 respectively.
IV. INDIRECT VECTOR CONTROL
The principle of indirect vector control (IVC) is detailed in [25, 26] . The major disadvantage of the IVC control is the harmonic distortion of rotor current, reactive and active power ripples. To eliminate these drawbacks, an indirect vector control with the NSVM technique (IVC-NSVM) is proposed in this paper. The principle of the IVC-NSVM control is similar to traditional IVC-SVM control. However, the SVM strategy is replaced by NSVM strategy and this strategy based on neural classification has the advantage of simplicity and easy implementation. However, the IVC-NSVM reduces the THD of the rotor current compared to traditional IVC-SVM technique. The structure of the IVC-NSVM control of DFIG is shown in Fig. 6 .The internal structure of IVC strategy is shown in Fig. 7 . 
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V. SIMULATION RESULTS
In this part, two control techniques, IVC-3L-NSVM and IVC-4L-NSVM control scheme, are simulated and compared regarding reference tracking, powers ripples, stator current harmonics distortion, and robustness against DFIG parameter variations. Parameters of the doubly fed induction generator are given in appendix. On the other hand, the simulations are carried out with a 1.5MW DFIG machine attached to a 398V/50Hz grid, using the Matlab software.
The performance analysis is done with THD value of rotor current, electromagnetic torque, stator active power and stator reactive power.
The DFIG used in this case study is a 1.5MW, 380/696V, two poles, 50Hz; with the following parameters: Rs = 0.012Ω, Rr = 0.021Ω, Ls = 0.0137H, Lr = 0.0136H and Lm = 0.0135H.
The system has the following mechanical parameters: J = 1000 kg.m2, fr = 0.0024 Nm.s/rad.
A.Reference tracking test(RTT)
Figs 8-12 show the obtained simulation results. As it's shown in Figs 8-10 , for the two IVC control strategies, the stator reactive and active powers track almost perfectly their references values. Moreover, the IVC-4L-NSVM control scheme reduced the electromagnetic torque and powers ripples compared to the IVC-3L-NSVM (see Figs 13-15) . On the other hand, Figs. 11-12 show the total harmonic distortion of stator current of the DFIG for two IVC control schemes. It can be clearly observed that the total harmonic distortion value is minimized for IVC-4L-NSVM (THD = 0.46%) when compared to IVC control using the 3L-NSVM technique (THD = 0.78%). 
B.Robustness test(RT)
In this part, the nominal value of the R r and R s is multiplied by 2, the values of inductances L s , M, and L r are multiplied by 0.5. Simulation results are presented in Figs 16-20. As it's shown by these figures, these variations present an apparent effect on the electromagnetic torque, stator active and stator reactive powers. However, the effect appears more significant for the IVC-3L-NSVM compared to IVC-4L-NSVM control scheme (see Figs. 21-23) .
On the other hand, these results show that the THD value of stator current in the IVC-4L-NSVM control has been reduced significantly. Table 3 shows the comparative analysis of THD value. Thus it can be concluded that the IVC-4L-NSVM control scheme is more robust than the IVC-3L-NSVM control one. In this work, we presented the indirect vector control of a doubly fed induction generator-based wind turbine system using three-level neural space vector modulation and fourlevel neural space vector modulation method. Simulation results under the Matlab/Simulink environment illustrate how the indirect vector control with four-level neural space vector modulation technique gives better responses by reducing electromagnetic torque, stator active and reactive powers ripples.
